Photosynthetic rate, ribulose 1,5-bisphosphate carboxylase activity, specific leaf weight, and leaf concentrations of carbohydrates, proteins, chlorophyll, and inorganic phosphate were determined periodicaly from midbloom until maturity in leaves of soybean plants (Glycine max L., var. Hodgson) from which reproductive and vegetative sinks had been removed 32 hours before measurement, or continuously since midbloom.
control plants and in the dark green leaves of the continuously desinked plants.
Neither the inhibition of photosynthesis by sink removal nor the decline in photosynthetic rate with time was clearly related to any of the measured traits.
Inhibition of photosynthesis by the removal of a sink has been demonstrated in several species (12, 16, 18) including soybean. Thorne and Koller (23) found an increase in photosynthesis in soybeans when sink demand was increased by shading all but a single source leaf.
The removal of floral buds and young pods has been shown to delay or prevent soybean leaf senescence, as judged by their loss of green color (10, 15) . Such yellowing of leaves has been attributed to adverse water relations during flowering and fruiting (2) , a depletion of available nutrients (20) , or to hormonal signals associated with the reproductive sink (15) . Effects of developing sinks on photosynthesis and senescence were studied separately and at single stages of development. The objectives were to examine the effects of sink removal on soybean leaf photosynthesis, on senescence, and on a number of leaf traits commonly associated with these processes.
MATERIALS AND METHODS
Soybeans (Glycine max L., var. Hodgson) were seeded in the field in 8-m rows spaced 60 cm apart on May 17, 1976 , and thinned to a uniform plant spacing of (9) and assayed by the Fiske-Subbarow (6) method.
Protein. A 100-mg sample of dried leaf tissue was first extracted with methanol. The protein in the methanol-insoluble residue was then extracted following the procedure of Thorne and Koller (23) , and assayed by the method of Lowry et al. (17) .
Chlorophyll. 
RESULTS
The desinked plants showed a significantly (and fairly constant) reduced photosynthetic rate, compared to the control plants, at all sampling dates except the first and the last (Fig. 1) When photosynthetic rates were measured at various times between 4 and 32 hr after desinking, treatment effects were evident at 8 hr, but more pronounced at 24 and 32 hr (data not shown).
Leaf Chl contents/unit area of the continuously desinked plants did not change significantly with time between 38 and 60 days after midbloom (Table I) , while in control and recently desinked plants it dropped significantly during this time.
Starch concentrations in sampled leaves of continuously desinked plants were significantly higher than in those of the recently desinked plants which in turn were higher than those of control plants after day 22 (Fig. 2) . After day 30, the starch concentration of continuously desinked plants remained constant At the last two sampling dates, the amounts of soluble carbohydrates were significantly greater in the sampled leaves of continuously desinked plants than in those of control and recently desinked plants (Fig. 3) . There was, however, no significant change in the level of soluble carbohydrates in control and recently desinked plants throughout the sampling period.
At the first two sampling dates, there was no difference in the levels of protein between the treatments (Fig. 4) twice that of the other two treatments (Fig. 5) . Maximum RuBP Case activity occurred at day 30 with declining activities from then until maturity.
Control and treated plants had very similar and gradually increasing Pi contents until day 40 (Fig. 6) . Thereafter, the Pi content of leaves of control and recently desinked plants declined to a level similar to that on day 0, while the Pi content of leaves of continuously desinked plants reached a maximum on day 45 and then declined significantly.
Specific leaf weights (Fig. 7) of the continuously desinked plants were significantly higher than those of either the control or recently desinked plants for the last four sampling dates. This difference became more pronounced late in the growing period. In contrast, specific leaf weights of control and recently desinked plants, which were very similar, remained fairly constant during the sampling period, except for a modest but significant increase between days 10 and 30.
DISCUSSION
Soybean leaf photosynthesis during reproductive growth was subject to two contrasting influences: (a) the removal ofdeveloping pods had an inhibitory effect on photosynthesis; and (b) there was a decline over time in photosynthesis, irrespective of the presence of developing pods.
Inhibition of leaf photosynthesis by pod removal is consistent with the results of others (14, 18, 19, 23 ) who have found that the presence of a sink stimulates photosynthesis. This effect has been attributed to at least three mechanisms: (a) sink alleviation of end product inhibition by soluble carbohydrates (8); (b) sinkpromoted reduction of starch accumulation in the chloroplasts (23); and (c) sink-mediated hormonal signals (16) .
End product inhibition of photosynthesis by soluble carbohydrate is not clearly supported by the present study. In the continuously desinked plants, the inhibition of photosynthesis may or may not have been caused by the observed soluble carbohydrate accumulation. In the recently desinked plants, photosynthetic inhibition was clearly not related to the soluble carbohydrate accumulation (Figs. I and 3) . Thus, unless two separate mechanisms are operating, there appears to be no support for the hypothesis. This is in agreement with the observations made by Geiger (7), Claussen and Biller (3), and Nafziger and Koller (21) .
Starch accumulation in chloroplasts may also be responsible for decreased photosynthetic rates in soybean leaves (3, 21 (Fig. 1) while the drop in starch levels was barely significant (Fig. 2) . Thus, neither the sink effect nor the time effect appears to be explained by starch contents of the leaves. The activity of RuBP Case has often been regarded as a good indicator of leaf photosynthetic rate (13) and Thorne and Koller (23) reported that increased sink demand for photosynthate increased the RuBP Case activity of soybean leaves. They ascribed this effect to a hormonal signal from the sink causing RuBP Case activation as reported by Treharne et al. (24) for bean plants. In contrast, the present work showed RuBP Case activity not to be altered by the desinking treatments (Fig. 5) . In our work, however, sink demand was decreased by the treatments, whereas in the work of Thorne and Koller (23) , sink demand was increased by placing all but one leaf of the whole plant in darkness for 6 to 8 days prior to making measurements on the illuminated source leaf. Whether the difference between our results and those of Thorne and Koller is due to this difference in experimental approach, or to the fact that they used growth chamber-grown plants and we used field-grown plants is not known.
Thorne and Koller observed that increased sink demand lowered the concentration of starch in leaves of soybean plants. They attributed the response to an increased starch degradation by phosphorylase. Such activity was stimulated by Pi which they found to accumulate in the leaves. Our study failed to show a consistent relationship between the accumulation of starch and Pi (Figs. 2 and 6 ), and it is thus difficult to interpret the role of Pi in sink control of leaf starch content.
The observed increase in specific leaf weight of the continuously desinked plants is only partially accounted for by the observed changes in soluble carbohydrates, starch, and protein, and is, therefore, difficult to relate to either of the two observed effects on photosynthesis.
The generally declining photosynthetic rates in all three treatments ( Fig. 1) are indicative of progressive senescence of the leaves. Pod removal treatments have previously been described as delaying senescence in soybeans (15) and beans (22) but such senescence was judged by the loss of Chl that does not reflect the function of the leaves. This same delay in Chl disappearance was also observed (Table I) . From day 40 on, the sampled leaves of the control plants were visually yellowing and yet they maintained their photosynthetic rates well above the dark green leaves of the continuously desinked plants until the last sampling date.
The work here reported does not show clearly the cause of either the depodding inhibition of photosynthesis or the photosynthetic decline with time. There are, however, several possible explanations of these effects. Endogenous hormonal levels have been implicated by others (7, 16, 19. 23 ), but were not determined in this study. Stomatal resistance changes in response to depodding are also possible (16, 19) and may be related to endogenous hormone changes (16) .
